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(57)Abstract: H 
PROBLEM TO BE SOLVED: To provide an apparatus 
for depositing a thin film on an Inner wall of tubular 
members in an easy manner without depending on the 
inside diameter and the number of the tubular members. 
SOLUTION: A rear part in the longitudinal direction X of 
the tubular member 20 is evacuated by a pressure 
difference generating means 2 comprising a pressure 
adjustment tank 2-1 and a pump 2-2. The pressure is set 
to <1/10 of the pressure in a forward part in the 
longitudinal direction X of the tubular member 20. 
Plasma reaction gas generated by applying the 
predetermined voltage from a DC power source 5 and a 
high-voltage pulse power source 6 to raw gas introduced 
in a film deposition chamber 1 from a gas introduction 
hole 7 is efficiently introduced Into the tubular member 20 by utilizing the pressure difference 
in the forward part and the rear part in the longitudinal direction X of the tubular member 20. 
The plasma reaction gas is chemically synthesized on the inner wall of the tubular member 20 
to manufacture a thin film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . ■ ^ ' ' 

[Claim 1] While being the method of producing a thin fihn by plasma CVD on an mtemal surface of a 
tubular member and arranging said tubular meniber in predetermined plasma-CVD equipment Produce 
differential pressure before and after a longitudinal direction of said tubular member, and plasma 
reactant gas is made to flow in said tubular member according to said differential pressure. A thin fihn 
production method characterized by making said plasma reactant gas compound chemically, and 
producing said thin film on said internal surface of said tubular member. 

[Claim 2] Differential pressure before and behind said longitudinal direction of said tubular member is 
the thin film production method according to claim 1 characterized by making it generated by setting a 
pressure of said longitudinal direction back section or less to 1/1 0 to a pressure of said longitudinal 

direction fi-ont section. . ^ t. ! 

[Claim 3] A thin fihn production method according to claim 1 or 2 charactenzed by makmg it make it 
flow in said tubular member, having produced a predetermined magnetic field in said longitudinal 
direction of said tubular member, and catching said plasma reactant gas by said predetermined magnetic 
field 

[Claim 4] Said predetermined magnetic field is the thin fihn production method according to claim 3 
characterized by making it converge in a direction perpendicular to said longitudinal direction of said 
tubular member so that it may become smaller than a bore of said tubular member. 
[Claun 5] A thin fihn production method according to claim 3 or 4 that magnitude of said predetermined 
magnetic field is characterized by being more than 2.0xlO-7/rT to a bore r of said tubular member. 
[Claim 6] A thin fihn production method according to claim 1 to 5 which is made to produce 
predetermined electric field in said longitudinal dkection of said tubular member, and is characterized 
by making it make said plasma reactant gas flow in said tubular member according to said 
predetermined electric field. . j j 

[Claun 7] A thin fihn production method according to claim 6 that magnitude of said predetermined 
electric field is characterized by being 20 - 200 kV/m. 

[Claim 8] Said bore of said tubular member is the thin fihn production method accordmg to claim 1 to 7 
characterized by being 0.001-lmm. , . . o ^ • 

[Claim 9] Said thin film is the thin fihn production method accordmg to claim 1 to 8 charactenzed by 
consisting of diamond or diamond-like carbon. 

[Claim 10] Thin fihn production equipment which is equipment which produces a thin film by plasma 
CVD on an internal surface of a tubular member, is made to produce differential pressure before and 
after a longitudinal direction of said tubular member to predetermined plasma-CVD equipment, and is 
characterized by estabhshing a differential pressvire generation means by which plasma reactant gas was 
made to flow in said tubular member according to said differential pressure. 

[Claim 1 1] Said differential pressure generation means is thin film production equipment according to 
claim 10 characterized by setting a pressure of said longitudinal direction back section of said tubular 
member or less to 1/10 to a pressure of said longitudinal direction fi-ont section. 
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[Claim 12] Thin film production equipment according to claim 10 or 1 1 characterized by establishing a 
magnetic field generation means it was made to make flow in said tabular member, having produced a 
predetermined magnetic field in said longitudinal direction of said tubular member, and catching said 
plasma reactant gas by said predetermined magnetic field to said predetermined plasma-CVD 
equipment. 

[Claim 13] Said magnetic field generation means is thin fihn production equipment accordmg to clami 
12 characterized by completing said predetermined magnetic field in a direction perpendicular to said 
longitudinal direction of said tubular member so that it may become smaller than a bore of said tubular 
member. 

[Claim 14] Thin fihn production equipment according to claim 10 to 13 which is made to produce 
predetermined electric field in said longitudinal direction of said tubular member, and is characterized 
by establishing an electric-field generation means by which it was made to make said plasma reactant 
gas flow in saicl tubular member according to said predetermined electric field to said predetermined 
plasma-CVD equipment. 



[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this treuislation . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the thin fihn production 
method and thin fihn production equipment to the internal surface of a tubular member which can be 
suitably used as a wear-resistant thin-layer-coating means in detail about the thin fihn production 
method and thin fihn production equipment. 

[Description of the Prior Art] A hard fihn, for example, a diamond fihn, and a diamond-like carbon fihn 
are formed on a predetermined base material, and things are performed for giving abrasion resistance to 
said predetermined base material. And in recent years, the attempt which forms said hard fihn to the 
internal surface of tiie tubular member which can consider the appUcation to many products is made. 
[0003] Formation of a hard film introduces material gas, such as methane, in a plasma fission reactor 
with carrier gas, such as hydrogen gas, etc., by microwave, a RF, etc., it excites said material gas, 
generates plasma reactant gas, and is carried out using the so-called plasma-CVD method make a 
chemical reaction perform on said predetermined base material. However, although a plasma-CVD 
method can form a predetermined hard fihn in homogeneity to the member of plate-like part material or 
a configuration simple in addition to this, since said plasma reactant gas to each component 
surroundings being crowded of a method became inadequate to the member of complicated 
configurations, such as an mtemal surface of a tubular member, it was not able to form a uniform hard 
film 

[0004] In view of this point, the electrode which becomes the interior of a tubular member from graphite 
material is arranged in JP,62-1 36569,A, and to form plasma reactant gas directly from material gas 
inside said tubular member is tried. According to this method, since said a lot of plasma reactant gas can 
be suppUed on the internal surface of said tubular member, a comparatively thick hard fihn can be 
formed on said internal surface at simple and homogeneity. 

[0005] . . , ^ ^ 

[Problem(s) to be Solved by the Invention] However, it is necessary to prepare a graphite electrode 
smaller than the bore of a tubular member, and in the above-mentioned method, if the bore of said 
tubular member becomes very small, the production will become very difficuU. Moreover, if two or 
more tubular members tend to be prepared and it is going to form a hard film in coincidence to these 
internal-surfaces top, it will be necessary to prepare the graphite electrode according to the number of 
said tubular members. Consequently, while the configuration of the whole plasma-CVD equipment 
became complicated, there was a problem that the production production process of a hard fihn became 

very compUcated. ^ c a 

[0006] This invention aims at offering a means to produce a thin film on the internal surface of said 
tubular member very simply, without being dependent on the magnitude of the bore of a tubular 
member, or its number. 
[0007] 
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[Means for Solving the Problem] While this invention is the method of producing a thin fihn by plasma 
CVD and arranges said tubular member in predetermined plasma-CVD equipment on an internal surface 
of a tubular member which has a base in which opening was formed that the above-mentioned purpose 
should be attained Produce differential pressure before and after a longitudinal direction of said tubular 
member, and plasma reactant gas is made to flow in said tubular member according to said differential 
pressxire. It is related with a thin film production method characterized by making said plasma reactant 
gas compound chemically, and producing said thru fihn on said internal surface of said tubular member. 
[0008] Moreover, this invention relates to thin film production equipment which is equipment which 
produces a thin film by plasma CVD on an internal surface of a tubular member which has a base in 
which opening was formed, is made to produce differential pressiire before and after a longitudinal 
direction of said tubular member to predetermined plasma-CVD equipment, and is characterized by to 
establish a differential pressure generation means to by__which plasma reactant gas was made flow in 
said tubular member according to said differential pressure. 

[0009] this invention persons inquired wholeheartedly that the above-mentioned purpose should be 
attained. Consequently, it found out that the above-mentionesd pifipose could be attained by forming 
differential pressure before and after a longitudinal direction of a tubular member which should form a 
predetermined thin film, and making plasma reactant gas which excited and obtained predetermined 
material gas in said tubular member using this differential pressure flow. 

[0010] That is, in the conventional plasma-CVD method, after having introduced said predetermined 
material gas in equipment, exciting it and making plasma reactant gas generate, said plasma reactant gas 
was supplied on. a predetermined part, for example, an intemal surface of a tubular member, by the 
convection current of said material gas. On the other hand, he is trying according to a thin film 
production method and thin film production equipment of this invention, to prepare differential pressure 
before and after a longitudinal direction of said tubular member with a differential pressure generation 
means, as mentioned above. 

[001 1] Therefore, compared with a plasma-CVD method using the conventional convection current, a 
lot of plasma reactant gas can be supplied oh an intemal surface of said tubular member. Consequently, 
on an intemal surface of said tubular member, said plasma reactant gas can be made to be able to react 
chemically enough, and the target thin film can be formed simply.' 

[0012] Thus, according to a thin film production method and thin film production equipment of this 
invention, since plasma reactant gas is introduced in a tubular member using differential pressure, when 
a bore of said tubular member is small enough, said plasma reactant gas can be introduced efficient, and 
thin fihn formation can be simply performed to an internal-surface top. 

[0013] Moreover, since it is not necessary to prepare an electrode etc. for every tubular member, the 
target thin film can be formed on an intemal surface of two or more tubular members at coincidence, 
and thin film production effectiveness can be raised greatly. 

[0014] In a desirable mode of this invention, it is desirable to make it flow in said tubular member, 
establishing a magnetic field generation means, producing a predetermined magnetic field in a 
longitudinal direction of said tubular member, and catching said plasma reactant gas by said 
predetermined magnetic field. By this, since an inflow rate into a tubular meniber of plasma reactant gas 
increases, said plasma reactant gas can be more efficiently introduced in said tubular member. 
[0015] Furthermore, it is desirable to form an electric-field generation means in this invention in other 
desirable modes, to produce predetermined electric field in a longitudinal direction of said tubular 
member, and to introduce said plasma reactant gas in said tubular member according to said 
predetermined electric field. Also in this case, since an inflow rate into said tubular member of said 
plasma reactant gas increases, said plasma reactant gas can be more efficiently introduced in said tubular 
member. 

[0016] In addition, with the above-mentioned electric-field generation means, said material gas can be 
excited and plasma reactant gas can also be generated. In this case, since it is not necessary to establish 
an additional excitation means in order to generate plasma reactant gas, while a. configuration of the 
whole equipment is simplified, a thin film production production process can be simplified. 
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[Embodiment of the Invention] Hereafter, this invention is explained, to details based on the gestalt of 
implementation of invention, making it connected with a drawing. 

[0018] Drawing 1 is drawing showing an example of the thin film production equipment bf this 
invention. The thin film production equipment shown in drawing 1 is equipped with the header tank 2-1 
as a differential pressure generation means connected and formed in the membrane formation room 1 
and this membrane formation room 1 and a pump 2-2, the coil 3 as a magnetic field generation means, 
and the anode plate 4-1 and cathode 4-2 as an electric-field generation means. An anode plate 4-1 is 
grounded and PG power supply 5 and the high-preissure pulse power supply 6 are connected to cathode 
4-2. 

[0019] Moreover, the pump 8 as an exhaust air means is formed in order to hold the inside of the gas 
installation hole 7 for introducing predetermined material gas into the membrane formation room 1, and 
the membrane formation room 1 to a predetermined degree of vacuum. Furthermore, a pressure gage 9 
and an aperture 10 are formed, and it is constituted so that the monitor of the degree of vacuum iti the 
membrane formation room 1 and the condition of plasma reactant gas can always be carried out. The 
tubular member 20 is fixed and installed [ above cathode 4-2 ]. 

[0020] Thin film production of a up to [ the intemal surface of the tubular member 20 ] is the following, 
and is made and carried out. 

[0021] More nearly first than the gas installation hole 7, after exhausting the inside of the membrane 
fprmation room 1 to a predetermined degree bf vacuum with a pump 8, predetermined material gas is 
suppUed in the membrane formation room 1. And it accompanies with exhaust air with a pimip 8, and 
the inside of the membrane formation room 1 is held to a predetermined degree of vacumn. In addition, 
it acts as the monitor of the degree of vacuiun with the pressure gage 9 formed in the membrane 
formation room 1. 

[0022] Subsequently, impressing a predetermined DC bias by DC power supply 5, by impressing a 
predetermined pulse voltage fi-om the high-pressure pulse power supply 6, said material gas is excited 
and plasma reactant gas is generated. 

[0023] Subsequently, the four to cathode 2 perimeter in which the tubular member 20 was installed 
through the pressure regulation layer 2-1 fi^om the pump 2-2 is exhausted, and differential pressiu-e is 
produced before and after the longitudinal direction X of the tubular member 20. As for the differential 
pressvu-e before and behind the longitudinal direction X of the tubular member 20, it is desirable to set 
up so that the pressure in the back section of the longitudinal direction X of the tubular member 20 may 
become 1/10 or less [ of the pressure in the firont section of a longitudinal direction X ] and 1/100 more 
or less. By this, said plasma reactant gas can be more efficiently introduced in the tubular member 20. 
. [0024] The pressure in the membrane formation room 1 is before and after about ten to 2 Torr, and since 
the pressure of the fi-ont section A of the longitudinal direction X of the tubular member 20 also 
becomes about ten to ,2 Torr order, specifically, the pressure of the back section B of the longitudinal 
direction X of a tubular member is controlled by the header tank 2-1 and the pump 2r2 to be set to about 
10-3- 10-4Torr. 

[0025] Subsequently, a predetermined magnetic field is made to generate in the longitudinal direction X 
of the tubular member 20 by passing ciurent to a coil 3. And as for this magnetic field, in the direction 
perpendicular to the longitudinal direction X of the tubular member 20 of Y, it is desirable to make it 
converge so that it may become smaller than the bore of the tubular member 20. By this, the inflow rate 
into the tubular member 20 of said plasma reactant gas can be increased more, and thin film formation 
of a up to [ the intemal surface of the tubular member 20 ] can be carried out more simply and 
efficiently. 

[0026] Moreover, when the bore of the tubular member 20 is set to r, as for the magnitude of said 
predetermined magnetic field, it is desirable that it is 2.0xlO-7/rT. When the bore r of the tubular 
member 20 is 1.0mm, it is desirable that it is 1. Ox 10-4-3. Ox 10-4T, and, specifically, it is desirable to a 
pan that it is 2.0xl0-4-3.0xl0-4T. Since said plasma reactant gas can be caught more effectively and the 
inflow rate of said plasma reactant gas into the tubular member 20 increases by this, as mentioned 
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above, thin film foraiation of a up to [ the internal surface of the tubular member 20 ] can be carried out 
more simply and efficiently. 

[0027] Furthermore, if it goes to an anode plate 4-1 fi-om cathode 4-2, it originates in the DC bias and 
pulse voltage for exciting said material gas and generating plasma reactarit gas, and predetermined 
electric field are generated. Therefore, said plasma reactant gas comes to flow in the tubular member 20 
according to said predetermined electric field. Consequently, the inflow rate into the tubular member 20 
of said plasma reactant gas increases, and thin fihn formation of a up to [ the internal surface of the 
tubular member 20 ] can be performed more efficiently. 

[0028] As for the magnitude of said predetermined electric field, it is desirable that it is 20 - 200 kV/m, 
and it is desirable that they are further 20- 100 kV/ih. In the thin fihn production equipment shown in 
drawing 1 , although the voltage, valiie impressed to cathode 4-2 fi-om DC power supply 5 and the high- 
pressufe pulse power supply 6 is mostly set to a certain within the limits that plasma reactant gas should 
be generated fi-om material gas, said voltage value is suitably adjusted within the limits of this, and it 
sets up so that the magnitude of electric field may serve as a value of above-mentioned within the limits 
predetermined [ said ]. , 

[0029] Since he is trying it not only to prepare differential pressure, but to generate said predetermined . 
magnetic field and said predetermined electric field along with a longitudinal direction X before and 
after the longitudinal direction X of the tubular member 20 according to' the thin film production 
equipment shown in drawing 1 as explained above, said plasma reactant gas can be made to flow in the 
tubular member 20 very efficiently. Therefore, a very efficient predetermined thin film can be formed on 
the internal surface of tiie tubular member 20. 

[0030] The thin fihn production method and thin fibn.production equipment of this invention are not 
limited about the configuration and size of the tubular member 20, but can be applied to the tubular 
member of all configurations and magnitude. Moreover, the tubular member 20 can also have the base in 
which opening was formed so that the inflow of the internal plasma reactant gas according to differential 
pressure may not be prevented. Since the amount of supply of the plasma reactant gas to the internal 
surface of said base increases when this base is prepared to the back section of the longitudinal direction 
X of the tubular member 20, it is comparatively thick and the thin fihn made into the purpose in said 
intemal surface of said base can be formed efficiently. 

[003 1 ] However, by performing suitably control of differential pressure, and control of a magnetic field 
according to the magnitude of a tubular member in such a case, the thin film of sufficient thickness can 
be efficiently formed on the inside wall surface of the tubular member 20, and homogeneity and the 
target thin film can be efficiently formed on an inside wall surface and an inside bottom wall side by 
this. 

[0032] According to the thin film production method and thin film production equipment of this 
invention, the target thin film can be efficiently formed even on the bore of 10mm or less, and the 
internal surface of a tubular member 1 moremm or less. Moreover, especially in the present condition, 
the target thin film can be efficiently formed on the intemal surface of a tubiilar member 0.1mm or more 
the bore of 0.01mm or more. 

[0033] Moreover, in the thin film production method and thin film production equipment of this 
invention, since the thin film is formed using differential pressure as mentioned above, and it is not 
necessary to prepare an electrode etc. for every tubular member, when two or more tubular membiers 20 
have been arranged, in drawing 1 , the target thin film can be formed on the intemal surface of the 
tubular member of these plurality at coincidence. Therefore, production effectiveness of a thin fihn can 
be made very high. 

[0034] Moreover, it is not especially hmited about the class of thin film formed on the intemal surface 
of the tubular member 20. However, high abrasiveness can be given to the intemal sxirface of the tubular 
member 20 by constituting said thin film fi-om diamond or diamond-like carbon. Therefore, the tubular 
member 20 can be used as a predetermined slide member. 
[0035] 

[Example] Hereafter, an example explains this invention concretely. 
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(Example) In this example, it tried to forai a diamond-like carbon film using production equipment as 
shown in drawing 1 on the internal surface of the tubular member by which the slit die opening regio 
oralis with a height [ of 0.1mm ] and a width efface of 40mni was formed in the base side and which is 
the bore of 1mm. - 

[0036] First, after fixing above the cathode 4-2 and installing said tubular member, the inside of the 
membrane formation room 1 was exhausted to the degree of vacuum of 10-5Torr with the pump 8. And 
the pressure in the membrane formation room 1 was set as 3.75xlO-2Torr, having introduced CH4 gas 
by the flow rate of 20cm3/min, and exhausting with a pump 8 from the gas installation hole 7. 
Subsequently, the voltage of 1.5kV was impressed between an anode plate 4-1 and cathode 4-2, and 
CH4 gas plasma was made to generate from DC power supply 5 and the high-pressure pulse power 
supply 6. In addition, between an anode plate 4-1 and cathode 4-2, the electric field of 30 kV/m were 
generated at this time. 

[0037] Subsequently, it was made for the pressure of the back section pf the longitudinal direction X of 
said tubular member to serve as 4.5xl0-4Torr using a header tank 2-1 and a pump 2-2. Furthermore, the 
coil 3 was made to generate the magnetic field of O.OIT for current in the longitudinal direction X of a , 
sink and said tubular member. 

[0038] The above conditions were held for 15 minutes, said CH4 gas plasma was introduced in said 
tubular member, chemical composition was performed, and the diamond-like carbon film was generated 
oh the internal surface of said tubular member. 

[0039] Drawing 2 is a graph which shows the Raman spectrum mejasured by the Raman spectroscopy of 
the diamond-like carbon film generated on the inner Ipw wall surface of said tubular member. It turns 
out that the dispersion peak resulting from diamond-like carbon is observed, and the diamond-like 
carbon film made into the purpose on the internal surface of said tubular member is formed in about 
[ about 1360cm - ] 1 and about [ 1580cm - ] 1 in this example so that clearly from drawing 2 . 
[0040] As mentioned above^ although explained to details based on the gestalt of implementation of 
invention, giving an example, all modification and deformation are possible for this invention in the 
range which is not limited to the gestaU of implementation of the above-mentioned invention, and does 
not deviate from the criteria of this invention. 
[0041] 

[Effect of the Invention] He forms differential pressure before and after the longitudinal direction of a 
tubular member, and is trying to introduce plasma reactant gas in said tubular member using this 
differential pressure accordmg to the thin film production method and thin film production equipment of 
this invention, as explained above. Therefore, a bore can form a predetermined thin film simply 
efficiently also to the intemal surface of a very small tubular member. Moreover, the predetermined thin 
film made into the purpose also to the internal-surface top of two or more tubular members can be 
efficiently formed in coincidence. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 2/27/2004 



Page 1 of 1 



♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS l_ ■ 

[Brief Description of the Drawings] 

prawing 11 It is the schematic diagram showing an example of the thin fihn production equipment of 

this invention. ^ . , -ci a a 

[Drawing 21 It is the graph which shows the Raman spectrum of the diamond-hke carbon fihn produced 
according to the thin fihn production method and thin fihn production equipment of this invention. 
[Description of Notations] ^ t^^^ 

1 Membrane Foraiation Room, 2-1 Header Tank, 2-2 Pump, 3 Coil, 4-1 Anode Plate, 4-2 Cathode, 5 DC 
Power Supply, 6 High-Pressure Pulse Power Supply, 7 Gas Listallation Hole, Eight Pumps, 9 Pressure 
Gage, 10 Aperture 20 Tubular Member 

[Translation done.] 
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DRAWINGS 
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fiPKcj: o-r}tJEl/^C3&56««riB'g«SP*tF«9«:i!SA3eS 
<fc5(C0A:C<l;*i^Si<!:-r5. 1 X« 2 CClBK© 

{n^A ] S«fBBf^<iD8S««. MfB-Si^J^+tCDStftBS 
3®3tclB«8©«)K<^ii*S. 

[ii*^5 ] BtriBBiTS©i5SHS©:^*3*s. Btria'&#:gw 

©F*iMr«:>FtL/r2. OX 1 0" ' /rTJW±r&-5>C 

i «r!|$st i -r s « f»^3B 3 yjis. 4 ocfBts©»)g{'PS!j:^ 

a. 

(19:^:^6 } ffiB'tt«Sm©B?iBS#:&l^iI4Cte^,^■rBff^ 
©Sti^^CSl*. frtB7*9X-7Sj£;:«/>^*fr|BBlf^© 

[ii5}j:^7 : HlfiaB^^©^Ji®A*S*s> 2 0~2 0 0 

mm^s ] frfa©«gi5ttOBSrf2rtS«. o . o o i ~ 

*>-«ciat8©^S<'t«:)^S. 

( listens 9 mia»li«, ^'fi'*>KXtti^-Yi'*> 

T*x*^-«cfB4!c©S5M<'Pi!!7^?£, 

1 0 ] lft*;SP«®l^!iM±«c:?-^ Xvc V D «: 

D^g«C>iPtUT, Hilia'gt>{gm©S#>^r&JH!jft«C*Jl,^T 
BE;^)^^^G3-a-. r'-^XvJSlE^fX^MiaEE^jMfClE 
mTia'St^gPWrtCctjfEA-r-S ^ LfcE;^^^^ 

mm^ 1 1 ] wmLtim^^wa.. Bvia^gt^sm© 

fjiBS^:^isjft::^g|5©E:^ fiias^T^ffi) Hfr:7?gp©)l:t; 
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mim \ 0 (c^is©»igi{'^s^s. 

2] B«faBlTS©7-^XvCVD^gK«L 

X. Buia«ttg|5tt©H«iBe^:^[S]«:te(,>t:BifS©fiKJS?: 
* i; ^ -a- . fna •^'^ x vsis^^ x ^■msm'^<ommc 
-^xmu\^wmm'&iimm^mK^'d:i.i. 5 «: u 

y{* 1 1 ficwmnwi^mm.. 
m-^mx 3] B(riaiiis^^#s«. Hijia^^©iui 
Buia'SttSI5«©Buias#:^i^igia^c::i^ifi)(c*5i» 
10 -c. H(ita'g1^giJW©l^SJ:'5 4>/h3<'ic^J:^(CJK^3 
^itCt^^tt^. M^Si 2«ciB«©W«f'^SI 

So 

[W^Sl 4] B?iBBlT^©:7"7XvCVD^gtc*fL 

r. mfiB«t*;ap«©B>iiBS#:)triS]{c*ji,i-r3f5E®?£ti* 

^p^-ti. B«fa::^^XvSlS:t/:^>£Iiia@fS©mJSi£:{ie 
oTMtaifttgPtti^tcziiEA ^-li-SJ; ^ L/cmi«^# 
S*S:WfcCtS:#S![iTS. 1 0 ~ 1 3 ©t^-r 

nA^-tcfaisofSMfPS^g. 

[^BJ©i¥*ffl)^CittBJ] 

20 [000 1 ] 

[0002] 

micni^xmrni^^^^ti, c tiiictamtiiT.xi.^ 
[0003] mmm<Dmmt. j'ti'>tf:'>tj:t' 

©lSit4*':^ *7j<^;^; X i-©^- + 'J r x ^j: <!;• i i 4> tc 
:7*7XvJ5J£iPrt«:®AL/, -7-^i>am. mm^Ji^ic 
cfc o rMtai^:</X OXV'y X-^mS'iJ:^ 

b, frfaBif^©»^±ictei.>r'ft=T:W^csr6?rtf*3-t± 

■5. C>t>i9)S7'^XvCVDft*m>-Cllte$*l.S. L. 
iPbtsMh. :/'7X-7CVDSW. «l*Sm'f>^©ffefS 

a'&:?f^tt©gmic>Ff L -C«p;r^©5IMM*±^-fCJfM-r 
40 •5Ci*s-Ct-£.*s. 'ifttg|5t^©F*gilffi^c£mrcC}f5tt© 
a5«K:5^L-C(3:. g^)S;a5^CC>l^-r.5Mfa7-5XvJ^)i: 

[0004] *^*^-5,'^,«C^^^r , #ggBS6 2-1 36 5 
6 9-^<&$HCc*Jl»-C«> 'g«gP«©I^Sn«c|||8t/fA>6!^j: 
i>mm^mm.b. m)tBgttg|5«©rtSI5-CM*4;t/x*^e.:7' 
V X-7JS)S:^;5^ «ril:S^&^{c?fJfiS-r 5 c i e. txrti 

c©^*6(cj;n«. H!ria^«sm©rtMffi±K^s 
©Huia^-^ xvsrc:;:*/;^*«*&-r s c i*j-c# ^/cs!), 

50 B5iBrtMffi±«Ctet,^r4>. J:bl56«J/ft,»5IK^«riaa>&>o 
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[0 00 5 ] 

[0 00 6 ] -j^mMiit. mmu(D\^^^^<Di^^^^^<D 

[0 00 7 ] 

CCJC& or tJfBlf1*SI5«rt^fiSAT-S J: ^ U . IffiBlft^ 
gma)Mf BrtllMJiCc :ba i r lu IS ^ X vSJS;^:^ t 
^WCC^^S -t^XlufBSM^f^SSr J: ^ L/C C <!: ^ 

[0 00 8 ] ^fc. :^^mu. mammfS^^tifc^m 
[000 9] *^Hj«e>«. ±iB@w^B^^^<i^:E 

[0 0 10 ] rrj:t>-h. fi^*co:7''^XvCVDiSCC;bai 

mixmi(oi^mm±^cm^Lxi.>fco cni^Mbx. ^ 

^yii^mm(tc:^^^xKt)m^m^^^^(fCuxi^^^ 
[0 0 1 1 ] Lfcibs^X. ^^(DMm^mmofc^^x 

vC V DSCC|:b-<r ^SCD^-^ XvJgJ^;;^X ^HTiiE^t^ 
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[ 0 0 1 2 ] C(DJ: ^ tc:*:|EgH^©?f Kf^®{:?ffiSi>WM 

f^M^gtCctntf. ff;^^^*iJfflLr:7-7XvJs:iS;^*x 
• ^^ttSPWrt^c^A-r^cDT. HyfB^lXa5M(Z)l^S*^+ 

nmi^cmxLx. j^ms±(>cMuxmm(icmmm^n 
10 [ 0 0 1 3 ] s/c. '^ix^iim(fcmmrj:^^mi^i6ii^^m 

[0014] ^mM<omjt Li^®«ic:tec>r mmm 

f&^m^m^. w-mmimuo:>^^y^\^(.c^i>xm^<D 

m(>cj:'oxmULrj:i>ihmnm^mm(fCmA^ii:^ c 
20 Buiar/-^XvSjC&;e/>^;&J:«9^^J:<^A-r-2>Ci;&5't? 

[0015] $6CC, *^B^CCf6CDj?^Ul^SI«CC4dli 

Miap;f^cDm«^c€e t Huia^t^gmrt ^c^at ^ c i 

etsgB«i^tcBiria:7*^ xv^v;?/:^ ^ J: «9 nmR < SA 

30 [0016] rj::h. ±nmm^f&msi(fC^'^xm^EWM 
tf:^(Dmm^mmL. yyx-^i^mijx^^m'^hct 

[0017] 

wib. §^m(Dmmmm(^cm<^i.>xmm(^cmmr^o 
[ 0 0 1 8 ] EI . :^^mo:>mmi'ipwmmi(D~m^frs 

cof&mm. 1 (icmmuxm^htifcmtj^^f&^^SLt u 

2 - 1 Ri^Tf^yy' 2-2t. mm^fS,^ 

mtox(D:=i^)\^3 mm^f&^mtLx(omm4- 
i&zymm4-2t^M:^xi>^^ mmA-i^mm^ 

mm^tixi>^. 

[ 0 0 1 9 ] ^/c. f&mM 1 (>acmm(Dmn:^x^mx 

(^mt^r^^<. Mm^mtLX(D7i<>y'8f)mii^^ 
50 rc^^o $e>tc, iE:^?it9&o',^i o;^ig:t:f6n. f&m 



5 

(002 0] ««gm2 0 (Dmmm±^(DMmimim 

[0 02 1 ]Sl9]ic. fSMMlf^^^->y^8(tCJ:'oXm 

^x^^^--r^o 

10 0 2 2 ] l^Kl^X. DCmm5(,C^r>xm^(DDCJ^ 

T X ^EH u rji:^^ 6> . ^SJI>^^v^ xmas 6 <fc *3 mm<o^^ 

[0 02 3] ;>:c^^. 7)<>y'2-2^KiEE:bmmm2- 
nmu. mv<mu2 o<D^^y^\^x(Dmmc^i^xi£tf 

IfetT. ^e^ctS 1 0 O^CDltiTi?^j:^J:^^c^^T 
^ cfc *3 jaj*W (C^tSSUW 2 01^ CC^; AT -5 C <i: :05-C 

[0024] MWmiXikt. fiSmm l rtODBE^Jt**^ 1 0 

-"'Tor rfrf^r^O. ^«SW2 OCO^^yfmXCO 
m:fy^li^AO:>m:^i>mi O" " To r r mff^iJ^c^cDr. 

-1 0- * To r r CcA^^<J:^^cEE;t?I^l[a2- l&CK 
4<>:7*2 - 2 (fCJz^xUm'T^a 
[0 02 5]yci^r. rJH^Jl/atcStLrmSE^&SSS-rci 

#:&[^axiS^t^cY:^r^fi]tc*Jl^r. ^<*SPW2 ocdws 
CCctoT. MiB:7*^X'7Si;t.;^';^Og1:«^[W2 0rt-v.c[> 

[ 0 0 2 6 ] ^ /c. HuiBBffS<D15ait©:^# 5 Ift^^BP 
t^2 OOF^S^ r <b U/cJt^CCfcl^r. 2. 0X10 

1. 0X10" ^--a. ox 10-' Tx^^ctf)m 

^0<. $6CC{i2. 0X10- '-a. 0X10-^ 
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-^(DWJgjig^* J: ffla^^o^^wtcHiS-r -S^c ti)^x 
[0 02 7] ^6^C, |^«B4-2*:^6Piffi4- HCf^?5:» 

siS:^/;^^^:. tfrfaB^^<D^iS^cL/c3&Sorift«g|5t*2 0 

F^Oc^^LAT^ct^CCJ^j:^^ CCDMm. m)i3:7*'5'Xv^j£; 
;?/;3;(7)gt^gp^^2 0F^--c^ffiAffJ^:^5tiAL. Hf^iSBW 
10 2 0 CD|^iiM±--(D^M?F^^^ J: *:)^^W^Ctf5 Ctf)^ 
X^6o 

[0 02 8 ]m^EWx^comm<Di^^^i(t. 20-200 

kV/m-C*'5C<i:3&5»^L/< . ^6CCti2 0-- 1 0 0 
g^cM^T(i. iliN-;^*:^:^^^::?'^Xvj^;^';^:^^-r 

Dcmm5Ri/mEE^^j\^:^mme'fy^^mm4~2 
c(Dmm\H(fC:hi^xmnmmiM^mEL(^cmBL. mtzm 

20 

[0 02 9 ] i^:i±m.m l/c j: 5^.01 ccm-rwinf^^ 
^sjcctnt^. miKmi2o<Dm^y^\^x(Dmmc^i^^ 

xKiom^mirf^<D^xtj:<^ ;g^Srrfiix«:?9orMiB 

B^^cD?Sil2^(>miBP>ff^(DmJ#^^* ^if^ct^CCOr 
MiB:7*-7XvJS]CE:^fx^®es?>r58!)^R<gt^ 
gBW2 0rttc8SA^#5Cc!:*5'C^-5>o L/c^&^S-oT. « 
«gPM2 ocDf^M®±cc*5iir@d?)rja*^<flff^cDpS 

[0030] *ffeBJ(D«lSf^|g:^SSO'Slgf^SIKg 

30 (i. ^t^gm2 0CDJF$<*^a'A#^^coc^t:^^K^^n 

/crt g|57* -7 X vSjJ;;;^';^ (DSfeA?&^ffl± $ n i^cCl ^ ^ cc , 

mm^m^^m 2 0 ©^*f^ x (Df*:&a5ccs* u r 

;^cia^^j. HufBJS®cDi^liffi(c>ftT^:7-^Xvj^j^:;;yx 
(om^m^mi^r ^ /ca^^c . tulBJgffioom) l Bi^SM^c 

40 [0 03 1 ] {^i)^l^t^f)^h. c(DJ:^rj:m^(iCi6i.>x 

mm±(iC^^>x i>+^tj:m^(Dmm^nm<i: < BfSL-r^ 
[0 03 2 ] :^mM<Dmmimyimj^vmm{mmm(iC 
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m m fei±. W 0 . 1 m m W±©Wt^f8PttOrtlSM± 

[003 3] tfc, :^mm<ommim^mRtmmi^mi 

[ 0 0 3 4 ] */c> lf«gW2 0 ©rtllffi±4Cjf^^-r 
[003 5] 

*lli5£Wc*sl<i-C«. SSffliJKBiSO. Im 

[0 0 3 6] mm. mtzmm^m^'mmA - 2 ®±3^ 

1 0 - » Tor rCDIi^^-Cgfmiyfc. -eur. 

^A?L7 iOCH* *';^^2 0 cm' /m i n©iJSS-C 

3. 75x10-" Torr «Cl9r^£Lfc. i>CI,>-C. D C 
««5R(y'*li^Ev^•;^;;^m^!I6 cfc 0 |5Se4 - 1 R?>'ra!ffi4 
-2ra(Cl. 5 kVcomjI'&EPJnL', CH* i37.-:f'yX 

!5r*J. C©<«: *KS4 - 1 RCJf|^4 
-2rflK:«3 0 kV/mCDSJ«Al^RS3n/t. 

[003 7] ;>CU-C. BE:t)liaMtt2 - mo'jJ<>7-2 - 

4. 5x 1 0- * To r r <!:)i^,j:^(cL)t. S6(C. 
=i'fJl'3 4cmS64dSO. B9iB'&t»iSm©S¥':*rialX«:fc 
O^T. 0. 0 1 T©iKti«rf6*S-a-ft:. 
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[0038] ±^<Dj:^«ct^* 1 5^r^«^o. Hirte 

[ 0 0 3 9 ] 02», mi5'^ixm^<Dmimm±K.^i& 

Licit ■^•V^l' Kte^sRM©7V>:»3feffitcJ:o-CffllM 
iy:fy^tj:J:^iC, 1 3 6 0 c m" ' jfifilSOf 1 5 8 0 c 

[0040] :RWJ«:^tf ^C*56. HB^cDHife© 

[0 04 1] 

20 ^kicEE^m^msRb. c<om)m^mmvx-:/'7X-7m. 

^^iJ:^^Wmm^m^mmKti,i:^i,CbXK^:h, u 
[0ffi®®*i&:ISB^] 

[s 1 ] :^^m<ommim^<D-m^ffirwmmxs, 

30 [02] *l%HJ©giKf'P«*iSSD'lgMf1f*i^g(ciJ£ 

1 2-1 mjmmm. 2-2 tjo:?-. 3 

4-1 mM. 4-2 PiffiS, 5 DCS 
9 lE^it. 1 0 2 0 '^iXmi 
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